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Abstract: Investigations into olefin ring-closing metathesis (RCM) have led to a general
method for the synthesis of coumarins. Catalysts with higher activity, such as the second-gen-
eration ruthenium catalyst, promote the intramolecular reaction between two-electron defi-
cient olefins. This method allows for convenient access to a variety of coumarins substituted
at both the 3- and 4-positions, as well as a tetrasubstituted example.
Olefin metathesis is a convenient method to construct alkene-containing compounds for use in a vari-
ety of areas of organic chemistry. For example, olefin metathesis has been widely used in polymer syn-
thesis by ring-opening metathesis polymerizations (ROMP) [1] and step-growth polymerizations, such
as acyclic diene metathesis polymerization (ADMET) [2]. Recently, the application of olefin metathe-
sis to small molecule synthesis has emerged as a powerful synthetic method. For example, ring-open-
ing metathesis (ROM) of strained olefins has provided new routes in the synthesis for a variety of nat-
ural products [3]. More importantly, the application of ring-closing metathesis (RCM) in total synthesis
has received a great deal of attention, giving synthetic chemists the confidence to subject highly valu-
able materials to RCM reactions [4].
Work in our group has been focused on applying RCM to the synthesis of novel and important
highly functionalized products. Many of these discoveries have been due to the availability of catalysts
with varied activities, such as 1 [5], 2 [6], and 3 [7] (Fig. 1). In particular, the development of ruthe-
nium-imidazoylidene catalyst 1, has greatly expanded the substrate range in olefin metathesis reac-
tions. The application of catalyst 1 in RCM has been demonstrated with several important new results.
For example, in macrocyclic RCM where both cis and trans products are formed, greater trans stere-
oselectivity was observed using catalyst 1 rather than the parent bis-phosphine catalyst 2 [8]. Catalyst
1 provides a synthetically useful 11.5:1 E/Z mixture of olefin isomers in a 14-member lactone, which
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Fig. 1 Commonly used olefin metathesis catalysts.
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translates to 250 % enrichment of the trans olefin product as compared to catalyst 2, which provides
the product in a 4.5:1 E/Z ratio. This is believed to occur by olefin isomerization to the more thermo-
dynamically favorable trans isomer, which occurs to a greater extent with catalyst 1. In addition, new
RCM reaction manifolds have been discovered using catalyst 1. Our group [9] and others [10], have
reported the RCM of acrylate esters to form α,β-unsaturated esters and ketones using catalyst 1 and
related derivatives. This unique activity has been expanded to prepare large macrocycles by a ring
expansion reaction (Scheme 1). These reactions proceed via an initial ring-opening of the cyclic olefin,
then a cross-metathesis (CM) with one α,β-unsaturated carbonyl olefin, and finally a macrocyclic
RCM to generate 18–26-member macrocycles. In general, these reactions proceed in good-to-moder-
ate yields, providing a rapid method to generate macrocyclic carbon structures with trans olefin selec-
tivity. 
While catalyst 1 has been successful in improving substrate scope and stereoselectivity in RCM,
we have seen a more dramatic effect within the context of olefin CM. In general, CM has been a less
utilized method in organic synthesis due to low product selectivity and poor olefin stereoselectivity. A
wide variety of olefins that do not participate in CM using catalysts 2 and 3 are now viable substrates
for highly selective CM reactions that proceed with excellent trans stereoselectivity. Such olefins
include α,β-unsaturated carbonyl containing olefins, vinylphosphonate, and vinyl sulfones [11]. In
addition, selective CM reactions have been performed between electron-deficient groups in a Heck-type
coupling of acrylates and styrenes (Scheme 2) [12]. This was an important discovery because it had
been previously proposed that two π-substituted olefins could not participate in selective CM reactions,
due to similar electronic properties [13]. Interestingly, there has been no analogous report in the RCM
literature that describes a ring-closure between two electron-deficient olefins. This provides a unique
opportunity to contribute to the more mature area of RCM, using lessons learned in CM.
Coumarins represent an important class of compounds due to their importance in biological sys-
tems [14]. There have been a wide variety of noncatalytic methods to synthesize coumarins, such as the
Pechmann condensation of β-ketoesters [15]. However, this method generally requires strong acids and
high reaction temperatures. In addition, there have been several metal-catalyzed approaches to
coumarins, including a palladium-catalyzed reaction between phenols and alkynoates [16]. While offer-
ing a significantly milder room temperature approach to synthesize these compounds, substitution at the
3-position is not possible due to use of alkyne precursors. There is an example of the synthesis of 3-sub-
stituted coumarins by a rhodium-catalyzed carbonylation of alkynyl phenols [17]. While this procedure
provides the desired product, it is a minor component with the corresponding 3-benzofuranone. In addi-
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Scheme 1 Ring-expansion by sequential ROM/CM/macrocyclic RCM.
Scheme 2 Olefin CM between two electron-deficient olefins.
Brought to you by | California Institute of Technology
Authenticated
Download Date | 8/2/18 7:53 PM
tion, nickel-catalyzed cross-coupling of coumarin 4-phosphonates been developed as an alternative
method to prepare a variety of 4-substituted coumarins [18].
Therefore, with our previous results in CM between acrylates and styrenes, we were interested in
investigating the RCM of similar compounds as a route to substituted coumarins both at the 3- and/or
4-positions (Scheme 3). The RCM substrates could be easily prepared by acylation of the correspon-
ding phenol. The required styrenyl phenols may be accessible from a suitable ketone starting material,
such as acetophenone. Another advantage of this route is that a variety of acrolyl chlorides can be used
to provide substitution at the 3-position, which is not possible using alternative methods. Herein we
report the RCM of styrenyl acrylates that provide the coumarin compounds in moderate-to-excellent
yield under mild conditions.  
We began our synthesis with the commercially available 2-propenylphenol (4) (Scheme 4). The
acylation step proceeds smoothly with acrolyl chloride to provide 5 in 72 % isolated yield. The RCM
reactivity of 5 was then explored using catalysts 1 and 2. We were gratified to find that catalyst 1
(3 mol %) provided the coumarin (6) in excellent yield (89 %), whereas catalyst 2 (10 mol %) was not
able to affect detectable ring-closing. This further illustrated the electron-deficient nature of these sub-
strates, since related chromenes are readily prepared by RCM with catalyst 2 [19]. To investigate the
synthesis of more substituted coumarins by RCM, ring-closing precursor compound 8 was efficiently
prepared from commercially available 2-hydroxyacetophenone (7) in two steps (Scheme 5). To afford
the ring-closed product, a higher catalyst loading was required (10 mol %), and provided 3,4-dimethyl-
coumarin (9) in moderate yields. 
In addition, the RCM reaction is very clean, allowing for full recovery of unreacted starting mate-
rial. This reaction is one of the few examples of the formation of a tetrasubstituted olefin by RCM, and
is particularly remarkable when one considers the electron-deficient nature of the olefins involved. We
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Scheme 3 Retrosynthesis of tetrasubstituted coumarins by RCM.
Scheme 4 Synthesis of a coumarin by RCM.
Scheme 5 Synthesis of 3,4-dimethylcoumarin from 2-hydroxyacetophenone. 
Brought to you by | California Institute of Technology
Authenticated
Download Date | 8/2/18 7:53 PM
also wished to investigate trisubstituted olefins, and the results are summarized in Table 1. RCM pro-
vides a unique route to 3-methylcoumarin (10) from a simple acylation of 4 with methacrolyl chloride,
followed by RCM with catalyst 1 in an 88 % isolated yield. 
In summary, a RCM route to coumarins is described using the highly active ruthenium-based cat-
alyst 1. The unique reactivity of this catalyst allows for the synthesis of both trisubstituted and tetra-
substituted coumarins. In addition, the fact that catalyst 1 can perform RCM with two electron-deficient
olefins is unique. These reactions further demonstrate the utility of olefin metathesis for the synthesis
of biologically important molecules.
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